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188 MR. c. s. WHITEHEAD : EFFECT OF A SPHERICAL 

XVII. T h e  EJect of a Spherical Conclricting Shell on tlie 
Induction at U P o i n t  in the Dielectiic outside due to an 
M e m a t i n g  Cu,t*rent in a Circula?. C i m d t  in the Dielectieic 
inside, the A v i s  ?f' the Conductoi* passing t l ~ ~ ~ o i i ~ h  the Centre 
of the Sltrll. By C. S. WHITEHEAD, M..4.* 

(1) I T  is weil known that if there be an alteriiating current 
in a primary circuit sounds will be heard in a telephone in 
a secondary circuit, even if the latter be at  a considerable 
distance from the former. If the sounds are preconcerted, 
signals inay be, and in fact have been, transmitted in this 
iiianner on land through distances of' four or five miles. 

It has been suggested that the same plan could be employed 
to coolmimicate with lightships. The primary is laid on the 
sen-bottom round the area over which the lightship swings, 
the ends of the cable being brought to h n d ;  the secondary 
is coiled round the lightship. I have been informed by 
Mr. S. Evershed that successful experiments were carried out 
by these ineuns last summer in Dover harbour, the depth of 
the sea being about 1000 centims. To be able to judge 
whether a similar experiment mill succeed in  a greater depth of 
water, we must calculate the induction through tBhe secondary 
circuit ; sea-water being a conductor the investigation is 
somewhat complex, the filial result, however, comes out in ;L 

siiiiple form. 
(2) T i e  two following cases are considered :- 

CASE 1. 
A circular circuit carrying ai1 alternating current is placed 

in the dielectric inside a spherical conducting shell, the anis 
of'the circuit passing through the centre of' the shell: t o  find 
the iioriiial ~nagnetic incluction at  any point in the die!ectric 
outside the shell. 

CASE 11. 
The circular circuit is placed on one side of on infinite 

conducting plate, the plane of' the circuit being parallel to  

* Read June 11, 1807. 
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the plate : to find the normal magnetic induction at any point 
on the other side of the plate. 

In  bot,h cases the following result is arrived at :- 

where uo is the inaxiinuin value of the normal magnetic 
induction at any point outside, uo the maximum value of the 
normal magnetic induction due to the current in the primary, 
supposing the conducting shell or plate absent, at the same 
point, q is the thickness of the shell or plate, 

q' (+)$, 
p is the permeability of the conducting shell or plate, its 
specific resistance, p =  27r times the frequency. 

Let the frequency be 300, which makes p=1885; U for 
sea-water =2.101° C.G.S. units, p=1. 

If q=2000 centims., which is about the depth of the sea 
by the North Sand Head Lightship off the Goodwin Sands, then 

U0 - z .21 ,  
260 

VO - =.46,  and 54 per cent. is lost. 
U0 

and 79 per cent. is lost. 
If q =  1000, p= 1885, 

The above value of v is froni experiinents on a sample of 
sea-water froin the North Sea macle by Mr. S. Evershed. 

(3) CASE I. 
Take 0 the centre of the shell for origin, and axis of the 

Let D be the centre of the circuit, G any point in it. 
Od=external radius of the shell=a. 
OB =internal radius of the shell =b. 
OC=c, LDOC=&. 
a - k q .  
Let P, 0, R be the components of the electromotive in- 

tensity parallel to the axes of ,z, y, s respectively, U the 
specific resistance of the shell, p the permeability of the shell, 
p,' that of the dielectric, K' the specific inductive capacity of 

circuit for axis of z. 



the dielect8ric, 1 3 ,  8, 3 the polar coordinates 
B Leirig the colatitude: $ t,he longitnde. 

of' niiy point, 

Let the current in d e  circuit be represented by the real 

By sylniiietry the induced currents in tlie sliell will f l o w  

Let 4, be the electroinotiw intensity tangential to  one of 

:. P=-sin +. a, &=cos+.  @, n = O .  , , , , ( I )  

Now P satisfies the equation 

part of rye@, p=27r x frequency, L= (--I)$. 

in circles parallel to the plane of tho circuit. 

these circles; 

4, is by syininetry iiidependent of' +. 

V ~ P =  '3 E i n  the coiidnctor, 
U clt 
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* (3) 

be the 

xl! is an  arbitrary solid spherical hartnoiiic of degree 11. 

,Cjubstitutiiig in (2) we fiiicl 

Sincc R=0, the last equ:itioii of' (3) gives 

:. froin the first of (3).  

Let w=mngnetic iiidnction tangential to n " Y d i n n ,  

Then froin the theorem t h t  the line iategrol of the electro- 
motive iiiterisity roiiiid a. circuit is equal to the rate of decrease 
of the magnetic induction through the circuit, we ohtain 

clw l d (@?*)  
(Et 9' tlT 

dv 1 d(@ sin e)  
clt - 1" sin 8 d6' ' 

U =magnetic induction along a radius. 

-=---  

- -- 
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=o, x,l satisfies (@ 
Since 

:. from ( 5 )  

and 

where 

Again, p' K' is very small (it is of the order 10-21), hence, 
unless p is very large, we may neglect A''. Hence in the 
dielectric 

we may therefore assume 
v2P = 0, 

where X, is an arbitrary solid spherical harmonic, so that in 
the dielectric we must put +,, (x'r) = 1, and, consequently, 
+n(X'r)  =n + 1. 
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lherefore in the dielectric 

The inducing system is in the dielectric inside the shell. 
Hence in the dielectric inside the shell 

In the dielectric outside the shell 

* . (10) 

where Z-lL-l is an arbitrary solid spherical harmonic of' 
degree -n- 1. 

In the conducting shell 

The boucdary conditions are (1) that the norlnal magnetic 
induct.ion, (2) that the tangential magnetic force is t o  be 

continuous. The tangential magnetic force = - in .the con- 
ductor, and = w in the dielectric. 

0 

P 

P VOL. xv. 
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Prom these equations we obtain 
Xu + X-fl-i P $ n ( h O )  - - -- - 

Z-n-1 (cyn (ha)' 

- nZ-n--l - u , L $ ; L ( x ; )  ; 
(12 + 1 ) x,, - 1ZX-,&I - P+,,(hb) 

Substituting, we find in the usual maiiaer, 

1 
Ar 

Hence, when - is small, 
e - ~ h r  

+&*) = F l  or rlL+1' 

:* +n (hr) = p , 

Now is zero at  infinity aiid must decrease as 1' increases, 
e-Lh,' 

L. 
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k3ubstituting in ( l i j  
(2n + 1) b e - ~ A ~  
(n + 1)a t nb X-W-I 

=e--rhq X n - l  , . . . , . (15) 

Z+1= 

if both a rind b be large coinpnred with their difference. 

any point ; 
Let fl denote the solid angle subtended by the circnit a t  

V the potential due to the circuit ; 
U the norinnl magnetic force. 

if r > c. P, is the nth zonal harmonic. 
ITS ye@ a, 

Now in the dielectric inside the shell, 

:. from (15) 

But in the dielectric outside the shell 
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where 
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.*. res1 part of e-cAV&=realpart of e-pq e i ( p t - 9 7 )  

=e-¶? cos (pt-qq), 
:. v=e-ngny sin2 a- ( -  I C  )"+'p;(a)pnp) cos (p t -97) .  . (19) 

- Go =e-sn. 

1' 1' 

Let vo be the maxiilium value of v, U, that of U ; 
.'. from (16) and (19) 

' (20) . . . . e  

The method eniployed in this investigation is taken from a 
paper by Professor H. Lamb, Phil. Trans. Part  ii. 1883. 

(4) CASE 11. 
The result for this case may be deduced from the preceding 

by using a particular case of a transformation due to Professor 
C. Niven (Phil. Trans. Part  ii. 1883). 

He shows that if P,, denote a zonal harmonic of the nth 
degree, s=sin 9, n=ka, s* then when n and a, become 
infinite, k and p remaining finite, 

a '  

P,= J&p j, 

Jo and J, being Bessel functions. 
To find the value of Ct in terms of Bessel's functions. Let 

P be any point, draw PM perpendicular to the axis of 2. 
Let CD, the radius of the circuit, =f, 

PM=p, LYOM=8, LCOD=a, OC=C, DM=z, UP=?, 
w 1 c " - I - l  

n=277sin2at-(-) ] n + l  l'd(a) . P,(B), r>c. 

Let n = kr = klc, 
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Let n, r,  c become infinite, k ,  p, f remaining finite ; :. ultimately k= kl, 
kc2 

P@) = Jo(kp), Pll(4= 7 Jl(&ff), 
C- OD= OM- I)M 

= T - Z  ultimately ; 

:. (: )”= (l-:)a=e-kzin the limit. 

I 

The successive values of n are 1 ,  2, 3 , .  ,; let k+dk  be the 
successive d u e s  of k ; 

:. n + l = ( k $ d k ) r ;  

:. r d k = l ;  
. L(!)= -dk=dk;  n 
’ .  n+l r nS1 

m :. n=2dJO e-kzJo(kp) J 1 ( k f ) d k  

This result can also be deduced from the equation 
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remcmbcriiig that 
when z=O, a n 2 7 7  from 7*=0 to 7*=a. 

n=O from Y=U to Y = W .  

W e  thus fiiid 

U = 2 ~ y f c o s p t  Ice-k2Jo(/cp) J1( lc f )dk ; 

3 - e-q'i 

1 
* *  uo- 

ns before. 
APPENDIX. 

It niny be useful to add the proof of the trniisforinatioll 
used in Clme 11. 

P, satisfies 
If e, 

Let R = sin 8. 
(1) transforills into 

Assuining 
P*L=ao+a,s+a,s3$ . . , 

wc find in the usual manner 

I n(n+ 1) s2+ ______ (n-2)n(n+1)(71.t 3 )  
Pn=uo p--- 2 2  22 .42 

Bnt P,?= 1 when s=  0 ; 

:. Go= 1. 

n=kn, s= -, P 
LC 

Let 

ailcl let n a i d  U become infinite, k and p remaining finite. 
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:. sds = -pp'lp, 

p2= 1-s2= 1 ultimatcly, 

DISCUSSIW. 
Mr. EVERSHED referred to soine experiments of his own, 

from which he concluded that the author's formula gave too 
low an estimate of' the attenuation ; the discrepancy indicated 
that soine term had been neglected. 

Mr. YULE doubted whether the equations given by the 
nuthor were quite applicable to sea-water. There mas need, 
appurently, of n terin involviiig the polarisation of the 
inecliuni. 

Mr. HEAVISIDE coinmcliiicatecl n criticisin of the paper. 
I t  w;ts iiot iiecessiry to investigate the problem for aily 
particnlar farin of circuit from whioh the waves proceed. 
The attenuating factor for plane waves, due to Maxwell: 
was sufficient. Tiilring the he~t-li110~\ 11 value for the con- 



200 DRS. MYERS AND BRilUN OK THE DECOMPOSITION 

ductivity of sea- water, there was no reason why the 
conductivity should interfere with signalling. A con- 
siderably greater conductivity must be prol-ed for sen-water 
before it could be accepted that the failure of experiments 
on telegraphic communication with light - ships from the 
sea-bottom was due to that factor. I t  was uiilikely theo- 
retically, and Mr. Stevenson had contradicted it from a 
practical standpoint. For  some reason, the account of the 
light-ship experiments had not been published, so that there 
was no means of finding the real cause of failure. 

XVIII. On the Deconyosition qf Silvev Salts hy Pressuve. 
.By J. E. MYERS, M.Sc., Ph.D., late 1851 Ediibition Science 
Scholar, and F. BI~AUN, Ph.B., Pmfessor of Physics in the 
Unicersity of Strussbwg i.E.* 

As was demonstrated by Carey Lea? some years ago, silver 
salts and others may be decomposed by the applic n t' 1011 

of pressure. By pounding a portion of the salt in a mortar 
one may readily efect decomposition. 

A convincing proof is obtained by compressing a halogen 
salt of silver in the absence of sunlight and then subjecting 
the compressed inass to the developing and fixing processes of 
photography. A black residue of finely divided silver is the 
result. Exposure of the salt to sunlight, before compression, 
makes of course this test useless : the difficulty may be over- 
come by employing a mixture of AgN03 and KR (R=Cl, 
Br, or I) in the first instance. 

The decomposition is most marked in the case of bromide 
of silver. 

Two different metals immersed in liquid bronline constitute 
a galvanic element$. The couple Ag, Br, Pt has an E.M.F. 
of about 0.95 volt. It appeared therefore of interest to 

* Rend Juue 11,1807. 
i; Phil. Mag. xsxi. p. 323 (1891) ; xxxiv. p. 46 (1892) ; xxxri, p. 351, 

1 F. Brnnn, Wied.  A m .  w i i .  1'. 610 (1862). 
(1893) ; xxxvii. pp. 31 and 470 (1894). 


